The open field activity of first generation (Fl) hybrid male C57BL/6XC3H mice irradiated with y-rays on the 14th day of gestation was studied at the following ages : 6-7 months, 12-13 months and 19-20 months. Doses were 0.1 Gy or 0.2 Gy. Open field activity was recorded with a camera. The camera output signal was recorded every sec through an A/D converter to a personal computer. The field was divided into 25 units of 8 cm square. All recordings were continuous for 60 min. The time which the 0.2-Gy group recorded at 6-7 months, spent in the 4 squares in the corner fields was high in comparison with the control group at the same age. The walking distance of the 0.1-Gy group recorded at 12-13 months was longer than that for the age matched control group. No effect of radiation was found on any of the behaviors observed and recorded at 19-20 months. The results demonstrate that exposure to low levels of y-rays on the 14th day of gestation results in behavioral changes, which occur at 6-7 and 12-13 months but not 19-20 months.
INTRODUCTION
Prenatal irradiation is known to cause a wide variety of deleterious behavioral changes in mammals'). Several studies have been completed in which behavioral changes were observed following low dose prenatal exposure 2-4). Rats irradiated with low levels of ionizing radiation at late stage of fetal development showed the changes in the open field activity 5°6). These studies were limited to observation at juvenile or young adult age. Less well studied, however, are the long-term behavioral changes in the offspring of animals which have been subjected to low levels of ionizing radiation in utero and which have been permitted to survive to old age. The open field activity is an age-related phenomenon 7-9). We have reported significant differences of the open field activity between male mice exposed to a maternal dose of 0.5 Gy or 1.0 Gy of y-rays on the 14th day of gestation and the controls, when test at 19-20 months of age10). No differences were observed between the irradiated and control animals, when recorded at 6-7 and 12-13 months.
The purpose of this study was to further investigate the long-term changes in the open field activity of prenatally irradiated mice by using a dose level which is lower than that used heretofore.
MATERIALS AND METHODS

Animals
First generation (Fl) C57BL/ 6 X C3H hybrid male mice were used for this study. All the mice were bred and reared in the laboratory, as follows: C57BL/6 females, 10-14 weeks old, were caged nightly with C3H males of the same age. The presence of sperm in the vagina the next morning was taken as presumptive evidence of pregnancy, and the day on which this was determined was designated 0 day of gestation. All offspring were weaned at 4 weeks of age and separated according to sex. Each mouse was housed individually in a standard laboratory cage (27 X 18 X 15 cm) with saw dust on the floor from 2 months of age to death. The ambient regulated temperature was 22 ± 2°C. A 12 hr light-dark cycle was maintained with light on at 6:00 hr. Food and water were given ad libitum. Sixteen male mice were used for each of the two irradiated groups and the control group. The behavioral tests were performed at 6-7, 12-13 and 19-20 months of age, using the same groups of animals.
The experiment was performed in accordance with the guidelines outlined in "Animal Experiments", Yamanashi Medical University.
Irradiation
On the afternoon (between 15 : 00 and 16: 00 hr) of the 14th day of gestation, pregnant mice were exposed to single whole-body y-irradiation from a cesium-137 source irradiator. During irradiation the unanesthetized mouse was restrained in a Plexiglas box. Radiation dose rate to the midline of the mouse was 0.17 Gy/min. Two dose levels were employed: 0.1 Gy and 0.2 Gy. The control mother was handled in the same way and was placed on the platform in the Plexiglas box but was not irradiated.
Apparatus
Hardware. The anterior end of the tail of the animals was painted with white oil ink. Each animal was placed in a field consisting of a 40 X 40 cm black cotton sheet with metal walls 30 cm high painted with non-reflective black paint. A video camera (GR-A1, Victor, Tokyo) was 1.5 m directly above the field. The camera output signal was recorded every sec through an A/D converter (MT-9801-FMM, Micro Technica, Tokyo) to a personal computer (9800VM, NEC. Tokyo). This converter digitized a single video frame at 1/60 sec into 256X256 pixels with gray tones of 256 levels of intensity. At the same time, the digitized frame was recorded on video tape. The personal computer identified the X and Y coordinates of the mouse among the elements of the matrix, and then immediately displayed the X and Y position on a monitor. Following this procedure, the levels of the gray tones below the white point of the mouse were deleted. After sampling a given number of sets of X and Y coordinates of the white point, the personal computer filed the data on a floppy disk. All recordings were continuous for 60 min, starting at 14:00 hr. Recordings were divided into six 10-min blocks.
Software. Software was written primarily in the language C (Turbo C, Ver. 2.0, Borland, CA), and was designated to run under the MS-DOS operating system environment.
Analysis of Open Field Activity
Exploratory. The open field was divided into 25 units of 8 cm square : 4 squares in the corner, 12 squares in the surrounding portion, 8 squares in the middle and 1 square in the inner portion. The time spent in the four different fields during the six 10-min blocks was calculated.
Ambulatory. The speed of movement of the animals was calculated as the distance (mm) between a white point and the next white point for each 1-sec period. The following three parameters of the movement were analyzed: (1) walking distance over the entire 10-min block; (2) walking time, which was the total time an animal traveled during a block; (3) walking speed, which averaged speed of movement excluding times when the animal showed no movement.
Data Analysis
Data were analyzed by two-way analysis of variance (ANOVA) for repeated measures, factors being; radiation and recording block. When significant results were obtained with this test, multiple comparisons were made between recording blocks using the Scheffe's procedure. A P<0.05 was considered significant. All of the data were processed on a computer (Macintosh LC575) using StatView, Ver. 4.0. The numbers of mothers, offspring (male) and animals used, as well as the body weights at 6-7, 12-13 and 19-20 months of age of the two irradiated and control groups are shown in Table   1 . The mean body weights of the two irradiated groups recorded at 6-7, 12-13 and 19-20 months were less than those of the age matched control group, although statistical significance was not achieved (Table 1) . No behavioral deficits were observed in any of the irradiated and control groups. 6-7 months. The exploratory activity of the 0.2-Gy group was different from that of the control group. A two-way ANOVA showed the significant main effect of radiation for the time spent in the 4 squares in the corner (F [2,270] =10.149, P=0.0002). No effect of recording block and no radiation X recording block interaction were observed for the time spent in the 4 squares in the corner. Subsequent analysis of these data on the first, second and fifth recording blocks showed that the time spent in the 4 squares in the corner was significantly higher in the 0.2-Gy group than in the control group (Fig. 1, left) .
12-13 months. The ambulatory activity was high in the 0.1-Gy group. A two-way ANO VA indicated the significant main effect of radiation for the walking distance (F [2,270]=3.283, P=0.0467) and of recording block for the walking distance (F [5, 270] =154.619, P<0.0001). No radiation X recording block interaction was found for the walking distance. Multiple compari sons showed that the walking distance on the sixth recording block for the 0.1-Gy group was longer than that for the control group (Fig. 2, middle) .
19-20 months. No effect of radiation was found on any of the observed behaviors ( Figs. 1  and 2, right) .
DISCUSSION
The present results on the open field activity recorded at 6-7 months showed significant difference between the 0.2-Gy group and the control group, but no difference between the 0.1-Gy group and the control group. We have reported no difference in the open field activity between male mice irradiated with 0.5 Gy or 1.0 Gy of y-rays on the 14th day of gestation and the control group when tested at 6-7 months10). From these two studies, it was not shown that the changes in the open field activity are dose related. Kimler and Norton reported a no-threshold linear relationship for radiation-induced decrements in exploratory behavior for juvenile rats exposed on the 15th day of gestation to y-rays at between 0.25 and 1.25 Gy11 . However, three other behaviors (reflex suspension, surface righting reflex, and spatial maze entry) appeared to show a linear relationship with thresholds of around 0.25-0.5 Gy. A dose-response relationship for alterations in reflex acquisition (surface righting, negative geotax is, auditory startle, air righting, and visual placing) in the juvenile rat was observed due to exposure above 0.2 Gy on the 17th day of gestation 3). They have stated that 0.2 to 0.4 Gy exposure may represent a threshold range for exposure on the 17th day using these postnatal parameters. The association between dose and impairment of spatial memory in male adult mice irradiated with low doses of X-rays on the 18th day of gestation was described by a linear relationship without a threshold, although at doses lower than about 0.25 Gy any impairment would appear to be too small to be detectable 12). These discrepancies are considered to be the difference of species or strains, of experimental design, and of the age at which the animals were tested.
The present study demonstrates that there were slight but significant differences in the open field activity between 0.1-Gy or 0.2-Gy group and the control group recorded at 6-7 or 12-13 months, whereas these irradiated groups were not significantly different from the control group when tested at 19-20 months. We have reported that the open field activity of the male mice irradiated with 0.5 Gy or 1.0 Gy of y-rays on the 14th day of gestation was changed at 19-20 months of age, whereas there was no difference between any irradiated group and control animals, when it was tested at 6-7 and 12-13 months10). These results indicate that the behavioral changes in prenatally irradiated animals occur to a limited stage throughout postnatal life. Kaplan reported that maze learning of rats irradiated with X-rays in utero was normal when tested at 90 days but that rats showed decreased ability to master the maze when tested at 400 days of age 13). Wallace et al. irradiated the cerebellum of neonatal rats with X-rays at varying frequencies 14). Behavioral abnormalities (motor activity, ataxia, tremor, and emotionality) were in evidence in the preweaning observations which had then been disappeared, reappeared again in the old age. The requirement for the study over a wide range of ages seems to be particularly important when studying a phenomenon known to normally vary with age7-9) , while its relation to age in the animal experiment prenatally irradiated is unknown.
Kimler and Norton and Norton and Kimler reported that juvenile rats exposed to 0.25-1.25 Gy of y-rays on the 17th day of gestation showed the behavioral alterations and the morpholo gic changes in cortical layers 1-111, and V11,15)They imply that the effects of fetal irradiation are not only due to the loss of a few cells during fetal development, but also to an overall perturbation of the regulatory systems responsible for growth and development. Mole has stated that from the finding on mental retardation in Japanese bomb survivors after maternal exposure to 1.8-5.5 Gy, radiation damage to fetal haematopoiesis is a factor expected to make the mental retardation 16). Pituitary and adrenal hormone levels have been used as indices of emotion and behavior. Squirrel monkeys irradiated with y-rays prenatally decreased brain and pituitary weights at birth, and increased plasma cortisol and showed poorly coordinated reflexes in infants 17). They suggest that the hypothalamic-pituitary-adrenal axis may represent vulnerable focal points for the behavioral deficits. The mechanisms responsible for the effects observed in this study are not yet clearly established, since morphological and biochemical changes have not been examined. It can be assumed that the dysfunction of these systems occurs at 6-7 and 12-13 months, because a behavior is considered to be determined in a complex way, involving several brain areas and other systems outside of the brain.
